A new benthic dinoflagellate species, Prorocentrum bimaculatum sp. nov., is studied from Kuwait's marine sediments, based on detailed morphological and molecular data. Cells are large, oblong oval in shape. They are 49.9-55.3 μm long and 38.4-43.2 μm wide. The ornamentation of this new species is peculiar, and characterized by smooth valves with large pores (0.32-0.50 μm) scattered on their surface, except in two circular patches of ∼15 μm in diameter, devoid of ornamentation and located on both sides of the valve centers. The periflagellar area is widely triangular, located in a moderate excavation of the right valve, and comprises nine platelets. The intercalary band of P. bimaculatum is smooth. The molecular phylogenetic position of this new taxon was inferred from SSU and LSU rDNA genes. In both phylogenetic analyses, P. bimaculatum branched with high support with Prorocentrum consutum and formed a clade sister to the one including P. lima and related species such as P. arenarium, P. belizeanum, P. hoffmannianum, and P. maculosum. From the phylogenetic study, since most species related to P. bimaculatum are known for their toxic effects and production of okadaic acid, this new species can be considered as a potential toxin producer, but this has to be analyzed.
Studies of marine microalgae in Kuwait's marine environment were focused more on 47 7 sec, 54 °C for 30 sec, and 72 °C for 4 min, and a final elongation of 72 °C for 5 min. The PCR 139 products were purified using the Wizard SV Gel and PCR Clean-up system (Promega) 140 according to the manufacturer's recommendations. The sequencing reaction was realized 141 using the ABI PRISM BigDye Terminator Cycle Sequencing Kit (Applied Biosystems, 142
Carlsbad, CA, USA) and the sequences were determined using an automated 3130 genetic 143 analyser (Applied Biosystems). 144
145

Sequences alignment and phylogenetic analyses 146
The SSU and LSU rDNA sequences obtained were aligned with other putative Prorocentrum 147 species and two outgroup (Scrippsiella spp.) sequences using MUSCLE algorithm (Edgar 148 2004) followed by refinement by eye with MEGA software (Tamura et al. 2007 ), version 4 . 149
Genbank accession numbers of all sequences used are available in the supplementary material 150 (Appendix S1). 151
Evolutionary models were examined for each data set using maximum likelihood 152 (ML), Bayesian inference analysis (BI) and maximum parsimony (MP). The evolutionary 153 model and parameters were selected using jModelTest version 0.1.1 (Posada 2008) . 154
According to Akaike information criterion (AIC) and Bayesian information criterion (BIC), a 155 general time reversible (GTR) model with a gamma correction (Γ) for among-site rate 156 variation and invariant sites was chosen for the SSU dataset while a Tamura-Nei (TN93) 157 model with no invariant sites was chosen for the LSU dataset. 158
Maximum likelihood analyses were performed using PhyML version 3.0 (Guindon 159 and Gascuel 2003), Bayesian analyses were run using Mr Bayes version 3.1.2 (Ronquist and 160
Huelsenbeck 2003) and parsimony analyses with heuristic search were performed using 161 PAUP* version 4.0b for Windows (Swofford 2002) . Bootstrap analysis (1000 162 pseudoreplicates) was used (for ML and MP) to assess the relative robustness of branches 163 8 (Felsenstein 1985) . Initial Bayesian analyses were run with a GTR model (nst=6) with rates 164 set to invgamma (gamma for LSU dataset). Each analysis was performed using four Markov 165 chains (MCMC), with two millions cycles for each chain. Trees were saved every 100 cycles 166 and the first 2000 trees were discarded. Therefore, a majority-rule consensus tree was created 167 from the remaining 18000 trees in order to examine the posterior probabilities of each clade. 168
The consensus trees were edited using MEGA 4 software. The two Scrippsiella 169 species were used to root the trees. surface is smooth, and many pores seem to be grouped by two (Fig. 15) , which was not seen 217 in the external view. The intercalary band is smooth (Fig. 12) . 218
The periflagellar area is widely triangular, about 8 µm long and 4.5 µm high, and 219 located in a moderate excavation of the right valve (Figs 8, 11, 13). In apical view, this area is 220 complex and comprises several platelets but some are obscured from view because of the 221 extensions formed by some platelets (Fig. 13) . Consequently, only the flagellar pore is 222 partially visible (Fig. 13 ). Thanks to the observation of the periflagellar area from the inside 223 of a right valve, nine platelets have been identified and named according to Taylor's scheme 224 (Taylor 1980) (Fig. 14) . Four platelets "a 1 ", "d", "f", and "h" border the small apical ridge 225 formed by the left valve (Figs 13, 20), while three other platelets "a 2 ", "e" and "g" are located 226 on the end of the V-shape (Figs 13-14, 20-21). The flagellar pore is surrounded by the 227 platelets "c", "f", "g" and "e" (Figs 14, 21) . It is oval and measures about 1.9 µm in length 228 and 1.2 µm in width (Fig. 14) . The accessory pore is totally hidden in apical view because of 229 extensions of the platelets "a 1 ", 'a 2 " and "d", but it is present and clearly visible in the internal 230 view (Fig. 14) . It is oval, 1.1 µm long and 0.7 µm wide (Fig. 14) . The platelet "b" and the 231 major part of "c", which is the unique platelet separating the flagellar and accessory pores, are 232 hidden in the apical view but seen in the view from the inside (Fig. 14) . The platelets visible 233 apically are ornamented with deep depressions (Fig. 13) . 234
Interestingly, on a probably recently-divided cell with a thin theca (Fig. 16) , two kinds 235 of pores are observed in the valve center, between the two round patches (Fig. 17) . The large 236 pores have the same size than those observed in older cells, and the small pores are 0.14-0.17 237 µm (Fig. 17) . 238 11 On living cells, the nucleus is difficult to observe because of the granulated cell 239 content (Figs 2-3) . On fixed specimens, it is obscured because of the coloration resulting 240 from the fixation by Lugol's solution (Fig. 4) . After DAPI-staining and observation in 241 epifluorescence microscopy, the nucleus appears to be roughly chestnut-shaped, and located 242 posteriorly below the centre of the cell (Fig. 5) . 243
Prorocentrum bimaculatum was found in Kuwait's sediments, in association with 244
other Prorocentrum species such as P. fukuyoi and P. consutum but at a very low abundance. 245 246
Sequence analysis and molecular phylogeny 247
Five identical sequences of SSU rDNA (1789 bp) were acquired from independent cells of P. 248 bimaculatum and two identical sequences were obtained for LSU rDNA (974 bp), 249 corresponding to the D1-D3 domains. In addition, two identical sequences of SSU rDNA 250 were acquired from two isolated cells of P. consutum to ensure the identification of this 251
species. 252
The phylogenetic trees inferred from SSU and LSU rDNA showed the existence of 253 two major lineages in the genus Prorocentrum identified as clade 1 and clade 2 in the 254 phylograms (Fig. 22) (Fig. 22) . The new species P. bimaculatum was included in 260 clade 2 which comprised the symmetric species P. arenarium, P. belizeanum Faust, P. 261 consutum, P. concavum (including the synonym P. arabianum), P. faustiae Morton, P.
12
hoffmannianum Faust, P. levis Faust et al., P. lima, P. maculosum Faust and unidentified 263 species "FL3" and "RAV2" (Fig. 22) . 264
The SSU sequence of P. consutum from Kuwait grouped with a high statistical support 265 with the sequence from Brittany. The branches of nearly equal lengths indicated that they 266 hardly differ and that they unambiguously belong to the same taxon (Fig. 22A) . In 267 phylogenies inferred from the two ribosomal genes, Prorocentrum bimaculatum formed a 268 sister-clade to that of P. consutum. In the SSU rDNA phylogeny, this position was supported 269 with a high posterior probability (BI) but with weaker values in ML and MP (Fig. 22A) which 270 contrasts with in the LSU phylogeny where it was fully supported (Fig. 22B) . Considered 271 together, P. consutum and P. bimaculatum formed a sister group to the subclade containing P. 272 lima and related species, including P. arenarium, P. belizeanum and P. hoffmannianum. In the 273 LSU phylogeny, this position was fully supported with bootstraps values of 100 (ML and MP) 274 and a posterior probability of 1.00 (BI), whereas the support was weaker in the SSU 275 phylogeny as only the posterior probability was 1.00 (Fig. 22) . 276
277
Discussion 278
In this study, we examined morphological and molecular genetic characters of P. 279 bimaculatum, a large and peculiar Prorocentrum species found in Kuwait's intertidal 280 sediments. Both morphological and molecular data prove unambiguously that it corresponds 281 to a new taxon. Morphologically, its ornamentation is very peculiar, with two circular areas 282 devoid of pores on each valve. Several species are devoid of ornamentation and thecal pores 283 in the center of valves (Table 1) . In contrast, in P. bimaculatum some pores are found in the 284 central area between the two circular patches located on both sides of the centre, which differs 285 from all the other Prorocentrum species known. Among benthic Prorocentrum species, P. 286 bimaculatum is a rather large species, exceeding 50 µm in length and thus only slight smaller13 than P. consutum and P. belizeanum (Table 1) . This new species is related to P. consutum, P. 288 arenarium and P. lima in having smooth valves bordered by a row of marginal pores (Table  289 1). From a very recent study, P. arenarium has been found to be a synonym of P. lima and 290 corresponds to a round morphotype of this species, which means that the outline shape of a 291 taxon is probably not a good taxonomic criterion (Nagahama et al. 2011 ). The smooth 292 intercalary band observed in P. bimaculatum is characteristic of other Prorocentrum species, 293 such as P. belizeanum, P. foraminosum Faust, P. lima, and P. arenarium (Faust et al. 2008) . 294
In contrast with all these species, the presence of two kinds of pores in P. bimaculatum 295 has been noticed on one recently divided cell. Two sizes of thecal pores have been described 296 in several species such as P. caribbaeum Faust, P. emarginatum, P. rhathymum, P. formosum 297 Faust, P. fukuyoi, P. elegans Faust and P. tsawwassenense. Most of these species have an 298 asymmetrical morphology and belong to the clade 1 of Prorocentrum in phylogenetic studies. 299 Species of the clade 2 which are symmetric and mostly benthic have been reported with only 300 one kind of pores, either large as in P. lima, or small as in P. consutum. However, it is 301 remarkable that the smaller pores were only observed in a cell with a thin theca, while most of 302 other specimens were found to have large pores only. From this observation, small pores 303 could appear to be temporary during the cell development and they may clog or disappear 304 when the cellulosic theca thickens. The role of these pores is unknown yet. 305
The periflagellar area of P. bimaculatum is characterized by a wide triangular shape, 306 an insertion in a moderate excavation of the right valve and the presence of a short apical 307 ridge of the left valve, which is also found in other species such as P. belizeanum, P. 308 consutum, P. hoffmannianum, P. sabulosum Faust, and P. reticulatum Faust. However, an 309 apical ridge lacks in P. arenarium, P. lima and P. maculosum. Since the extension of some 310 platelets hide a part of the periflagellar area in SEM, it was necessary to study this small area 311 from the inside of the cell. The use of sectioning and TEM (Mohammad-Noor et al. 2007a) 312 14 could be used as a useful alternative method to complete these observations but it would be 313 difficult with only a few cells from an environmental sample fixed in Lugol and a culture 314 would be required. The number and arrangement of periflagellar platelets are very similar to 315 that of P. consutum with a platelet "a" split in two parts. However, the right valve of P. 316 bimaculatum is not as deeply excavated as in P. consutum and the apical ridge is shorter. 317
Similarly, the periflagellar platelets "a 1 " and "d" in P. consutum form posteriorly extensions 318 which overlap the pore area and hide the structures located underneath (Chomérat et al. 2010) . 319
The molecular genetic phylogenies inferred in this study are congruent with most 320 previous works on the genus Prorocentrum, and the split in two lineages has been found in 321 most of previous studies using ribosomal genes (Grzebyk et al. The finding based on molecular analyses, that the group may be polyphyletic and that, by 333 implication, that the peculiar morphology of prorocentroid taxa may be an homoplasious 334 character in dinoflagellates, has appeared puzzling and inexplicable (Murray et al. 2009 ). The 335 monophyly of the genus has been demonstrated only recently, using multi-genes approaches 336 
